The achievement of low cost deposition techniques for high critical current YBa 2 Cu 3 O 7 coated conductors is one of the major objectives to achieve a widespread use of superconductivity in power applications. Chemical solution deposition techniques are appearing as a very promising methodology to achieve epitaxial oxide thin films at a low cost, so an intense effort is being carried out to develop routes for all chemical coated conductor tapes. In this work recent achievements will be presented towards the goal of combining the deposition of different type of buffer layers on metallic substrates based on metal-organic decomposition with the growth of YBa 2 Cu 3 O 7 layers using the trifluoroacetate route. The influence of processing parameters on the microstructure and superconducting properties will be stressed. High critical currents are demonstrated in 'all chemical' multilayers.
Introduction
Since the advent of high temperature superconductivity a very wide extended effort has been carried out to develop high critical current conductors which may allow developing advanced power systems and high field magnets and hence fully exploiting the technological potentiality of these advanced materials. Coated conductors have been developed during recent years and they have emerged as second generation (2G) conductors with a high potentiality for high temperature-high field applications [1] [2] [3] .
Several approaches have been addressed for the preparation of these 2G conductors based mainly in vacuum deposition methodologies of epitaxial layers on top of metallic substrates. These substrates can have either a textured oxide template deposited by ion-beam assisted deposition (IBAD) on a polycrystalline substrate or they can be composed of textured buffer layers duplicating the texture achieved in the rolling assisted biaxial textured (RABiT) substrates by means of thermomechanical processes. Interesting approaches are also those where the textured buffer layer is achieved through controlled surface oxidation (SOE) or the so-called inclined surface deposition (ISD) where a single textured buffer layer is vacuum deposited in a polycrystalline substrate and the texture is achieved as a consequence of the higher growth rate of a given crystallographic orientation [4, 5] .
Chemical solution deposition (CSD) has only recently appeared as a low cost alternative for the fabrication of 2G coated conductors. The main advantage of this methodology is that low capital investment and supply costs are envisaged, thus becoming a competitive alternative to vapour deposition techniques requiring the use of vacuum systems. Sol gel science is now a well established discipline which has reached a wide use for the production of materials with high performance such as nanoparticles, bulk ceramics, hybrid materials, mesoporous solids, coatings, etc [6, 7] . The main advantage of this technique for the preparation of advanced ceramics is that molecular scale homogeneity can be preserved during the gelification process and hence it is able to reach controlled nanostructures and to reduce the final firing temperature to prepare a compound. The achievement of oxide epitaxial films using CSD was demonstrated more recently and it was shown that the growth of epitaxial layers has as driving force the elimination of grain boundaries in the random nanocrystalline film resulting after the pyrolysis [8] . The use of this technique has been widely spread since then [9] [10] [11] [12] [13] [14] . Conventional carboxylic or alkoxide metal-organic precursors can be often used to prepare buffer layer oxides, however its use to grow YBCO films has been limited because they lead to the formation of BaCO 3 which requires high temperatures to decompose and then the final microstructure of the films is considerably degraded.
The demonstration of the possibility to use trifluoroacetate (TFA) precursors leading to BaF 2 as a final product after the decomposition of the metal-organic precursors and finally to epitaxial thin films must be considered as a very significant step towards the achievement of a reliable methodology of low cost production of chemically based coated conductors [15, 16] . Several groups around the world have recently explored the early effort to use this methodology for YBCO thin film growth and hence very significant advances have been demonstrated [17] [18] [19] [20] . It is particularly appealing that long length tapes with high performance (≈8 m) and high total critical currents in shorter samples (I c ≈ 300 A cm −1 W −1 ) have already been demonstrated when the TFA approach for YBCO deposition is used in combination with RABiT or IBAD substrates having vacuum-deposited buffer layers [19, 21] . A few attempts have also been reported to prepare 'all chemical' conductors, i.e. buffer and superconducting layers deposited by CSD [22] . However, this approach still requires further investigation because many requirements need to be satisfied simultaneously by the corresponding buffer layer architecture: effective substrate protection from oxidation, good chemical barrier to cation diffusion, lattice matching with the metallic substrate and the YBCO layer, sharp interfaces, etc.
The present work will summarize our recent progress towards the achievement of wide knowledge of the parameters controlling the quality of epitaxial multilayers grown through CSD in view of developing a reliable technology for the fabrication of low cost-high performance 2G conductors.
Experimental details
Precursor solutions for the buffer layers and for the YBCO superconductors were prepared with controlled concentrations and viscosities in order to prepare films with precise thickness through a spin coating procedure. Several metal-organic precursors were used for the preparation of fluorite (CeO 2 ) and perovskite (SrTiO 3 , BaZrO 3 , CaTiO 3 , LaAlO 3 , CaZrO 3 ) films. The precursors for Ce and Zr were 2,4-pentadionate, those used to prepare Ba, Ca and Sr solutions were the corresponding acetates and, finally, the precursors for Ti, Al and La were isopropoxydes. The precursors were dissolved in stoichiometric proportions in glacial acetic acid, methanol or methoxyethoxy using a magnetic stirrer. The solutions were then deposited either in YSZ single crystals (CeO 2 ) or LaAlO 3 (LAO) single crystals (perovskites). Finally, metallic substrates having a textured template were also investigated. Polycrystalline stainless steel substrates having a textured YSZ layer grown by IBAD as previously described [23] were used to grow oxide buffer layers which can match the growth of YBCO layers. The synthesis of the trifluoroacetate (TFA) precursor solutions for YBCO layers used in the present work was carried out either as described previously [20] , i.e. using stoichiometric acetate precursors dissolved in methanol, or through alternative precursors and solvents which will be detailed elsewhere [24] . The metal concentrations were modified in an extended range (0.8-2.4 M) to control the solution viscosity and hence the YBCO layer thickness, and they were verified by ICP analysis. Film deposition was performed by spin coating at a typical rotation speed of 6000 rpm and an acceleration of 3000 rpm s on LaAlO 3 single crystal substrates. The film thickness after growth was determined either using an optical interferometric technique or through direct measurements with a profilometer and in some cases by means of x-ray reflectometry. XRD and µ-Raman were used to ascertain the phase purity and to determine the texture quality while SEM, AFM and TEM were used to analyse the films microstructure. Electrical resistivity and SQUID measurements were used to investigate the superconducting properties.
Results and discussion

Buffer layer growth
The concentration of the precursor solutions for buffer layers were modified in the range 0.05-0.7 M, depending on the chosen composition, and it was found that if the deposition conditions by spin coating were kept constant, a quasiuniversal dependence of the final film thickness on the metal concentration is achieved, as demonstrated in figure 1 , thus suggesting that similar solution viscosities are reached in all the investigated solution compositions. Film thickness can be easily varied in the range ≈5-100 nm through a single solution deposition process. Film formation was achieved first after a pyrolysis process performed typically through a slow heating thermal process (≈60
• C h −1 ) up to ≈250
• C, and later through a thermal treatment under Ar/H 2 (5%) atmosphere at a variable temperature in the 650-900
• C range. In some cases it was verified as well that multiple deposition processes can be carried out keeping a similar texture quality. This was achieved through repetitive spin coating processes followed by the corresponding intermediate pyrolysis treatments, and this allowed us to prepare films with thickness up to ≈200 nm. Phase purity and crystalline orientation were investigated by x-ray diffraction, first by obtaining θ -2θ patterns and then through pole figures or ω-and φ-scans. A typical phase pure sample having a single (00l) orientation is displayed in figure 2 (a) for CeO 2 grown on a (00l)-YSZ single crystal. The inset of figures 2(a) and (b) display the corresponding ω-and φ-scans which show that a FWHM of ≈0.1
• -0.2 • is achieved, thus demonstrating that a high quality texture can be achieved in single crystalline substrates. Similar values were achieved with perovskite buffer layers having a low lattice mismatch on (00l)-LaAlO 3 single crystal substrates. This is the case for an SrTiO 3 buffer layer such as that shown in figure 3 . When the lattice mismatch is increased, however, like in BaZrO 3 /LaAlO 3 heterostructures ( a/a ≈ 9.5%), the biaxial texture is preserved but ω and φ values as high as ≈1.8
• have been recorded. This increase of the texture spread is probably associated with the formation of periodic misfit dislocations which accommodate the strong lattice mismatch between both perovskite structures [25] .
The surface roughness and the grain size of the buffer layers after the high temperature growth process were mainly investigated from AFM images. A typical topographic image obtained in the tapping mode is displayed in figure 4 (a) for a CeO 2 /YSZ layer where the granular character of the films obtained by CSD is clearly appreciated. The grain size and the roughness of these films can be easily modified by changing the growth temperature. Figure 4 (b) shows for instance the temperature dependence of the grain size obtained for a film with a thickness of 40 nm, which as it can be seen spans a large range (≈10-150 nm). The roughness of these films could also be modified, and in some cases values as low as rms ≈0.6 nm for 20 µm × 20 µm scans were observed. The plausibility of controlling grain size in these oxide layers grown by CSD is a very important issue because, in addition to its relevance for the development of the epitaxy quality [8] , the performance of these layers to achieve an effective protection of the metallic substrates will also be strongly linked to the microstructural features [26] . The successful achievement of highly textured buffer layer growth on single crystals allowed us to investigate the growth of these layers on metallic substrates presently used for coated conductor preparation. We have particularly concentrated on metallic substrates already having a textured oxide template and thus not suffering from cation impurification from the metallic substrate or from uncontrolled oxidation due to the achievement of a poor oxygen barrier effect. This refers particularly to YSZ/SS-IBAD substrates which will be presented here [23] ; results on SOE NiO/Ni RABiT substrates will be reported elsewhere [27] . • and φ ≈ 9.6
• , respectively, which are slightly improved as compared to the texture of the underlaying YSZ layer obtained by IBAD ( ω = 5.6
• and φ = 11.4
• ). This means that our thin CSD grown oxides essentially preserve the texture of the underlayer template. The influence of growth conditions, film thickness and lattice mismatch on the final texture quality of the buffer layers grown on templated metallic substrates is, however, an issue which requires further investigation; in particular it should be ascertained if the selfinduced epitaxy phenomenon, recently reported in CeO 2 films grown by PLD, can be induced by means of CSD in thicker films [28, 29] . In conclusion we have shown that many types of oxide buffer layers can be grown epitaxially on top of well oriented oxide templates or single crystals by means of a chemical solution deposition technique.
The film thickness and microstructure of these films can be tuned in detail, and thus this technique can be considered very promising in view of achieving the strict requirements for epitaxial buffer layer growth on metallic substrates (low chemical reactivity, good lattice matching, effective chemical protection).
Growth of YBa 2 Cu 3 O 7 layers
The growth of superconducting epitaxial YBCO layers by means of a chemical solution deposition process is a complex one which involves three different stages, as schematically depicted in figure 6 : the pyrolysis step, the growth process, and finally the samples are subjected to an oxygenation annealing step. After preparation and deposition of the metal-organic precursor solutions, a first thermal treatment which will pyrolyze all the organic content in the precursor is applied. This calcination process will generate a homogeneous nanocrystalline film formed by CuO, Y 2 O 3 and BaF 2 , i.e. the decomposition reaction is
This is an exothermic decomposition reaction which occurs at about 250-300
• C, and the typical heating profile was that first suggested by McIntyre et al [15] , which consists of a slow heating ramp up to ≈300
• C followed by a further treatment up to ≈400
• C. All this process is carried out under a wet oxygen atmosphere in order to avoid any sublimation of the Cu(TFA) 2 precursor [30] . Also the slow heating ramp is preserved in order to avoid the formation of any morphological or compositional inhomogeneity in the film which suffers a very strong shrinkage process during this calcination step. The homogeneity of the films after the pyrolysis was verified by polarized optical microscopy, which allows us easily to identify any macroscopic scale degradation of the films [20] . The resulting film after the pyrolysis is a metastable solid with a good adherence to the substrate which can be easily handled. Several proposals to shorten this decomposition step have been made recently which are based in either decreasing the amount of fluorine in the precursors [31] , or in the formation of chemical complexes which have an enhanced molecular linkage and hence preserve the structural integrity of the film during its decomposition, and hence a fastest calcining step may be applied [32] . These developments are very relevant in view of achieving a high tape production rate in a continuous process.
In a second step the metastable state created after the pyrolysis is heated to high temperatures (≈700-800
• C) under a controlled atmosphere and with a well determined temperature ramp. The detailed growth mechanism is still controversial [17, 18, 33, 34] , but it has been suggested that the YBCO phase formation proceeds following the reaction From the room temperature observation by TEM of amorphous nanometric layers at the growing interface it has been suggested that this reaction is mediated at high temperature by a transient liquid phase; however, a clear identification of the phase composition and temperature-composition relationships is still lacking [18, 35, 36] . Nevertheless, an essential consideration is that the reaction involves an exchange with the gas phase because the water vapour must reach the film interface where the reaction occurs and the HF must be evacuated in order to avoid a stagnant process that would locally block the advancement of the reaction. It is very important then to have a laminar gas flow which assures that reaction (2) proceeds. The gas flow in the furnace will then be typically formed by a mixture of N 2 , H 2 O and O 2 , while the total pressure can be either 1 atm or it can be also slightly reduced to enhance the molecular diffusion and hence increase the growth rate [35] . The exact composition of the gas mixture depends on several factors which involve a good knowledge of the YBCO phase diagram and also the nucleation and growth mechanisms. As we schematically indicate in figure 7 , the PO 2 -T phase diagram is relevant for the initial film composition (oxygen content) and to generate a high crystalline quality. It is a well established phenomenon that growth of YBCO films near its stability line leads to an enhanced crystallinity [37, 38] , and hence our growth processes have been carried out typically in the range PO 2 = 20-100 Pa. The growth process of YBCO from ex situ evaporated BaF 2 or TFA precursors has been investigated by many authors [17, 18, 39, 40] in order to ascertain which are the parameters controlling the crystal nucleation and growth rate. After in situ investigations of the growth rate under well specified conditions it has been suggested that the reaction (2) is limited by the formation of an HF limiting diffusion boundary layer in the gas phase, and hence the growth rate is proportional to [P(H 2 O)] 1/2 . This parameter was then varied within the range 6 × 10 2 -7.5 × 10 3 Pa in the present experiments in order to control the growth rate. The nucleation process in YBCO films occurs mainly at the substrate interface with the c-axis oriented perpendicular to the substrate; however, at low temperatures or under excessive supersaturated conditions, a-axis oriented grains can also nucleate either at the interface or even at the film surface, and hence the film epitaxy is strongly degraded. This is then a parameter which needs to be carefully controlled to reach an adequate microstructure of the films. It is very useful to have an instrument allowing us to reach a control of the reaction kinetics in order to optimize the different external parameters. This was achieved through the HF content analysis at the exhaust line of the furnace by means of a selective electrode. A typical record is displayed in figure 8 , where it can be observed that these measurements allow us both to determine the film growth rate and the firing required time. The growth rate of the films investigated were typically R ≈ 0.2-0.3 nm s −1 , and the high temperature firing time was typically ≈120 min for a film thickness of ≈400 nm. After the firing process in a wet atmosphere a dry annealing step at the same temperature is always applied. We have verified in all cases the completeness of the reaction (2) by means of x-ray diffraction and µ-Raman spectroscopy, which has a high sensitivity to detect any remaining BaF 2 [41] .
As a final step to reach superconducting properties, the films were oxygenated at ≈450
• C for ≈1.5 h under a flow of O 2 .
Optimized growth of the films in LAO substrates was achieved at T ≈ 790
• C, where the ratio of c-axis oriented grains was found to be higher than 90% by means of µ-Raman spectroscopy and x-ray diffraction. XRD analysis showed a high quality texture both out-of-plane ( ω = 0.4
• for the (005) reflection) and in-plane ( φ = 0.6
• for the (113) reflection) (see figure 9 ). SEM micrographs showed that a very low porosity was achieved in these optimized films (see figure 10(a) ). The same conclusion can be reached from cross section TEM micrographs of these optimized samples, which show a continuous strained structure all across the film without any evidence of pores or secondary inclusions (see figure 11(a) ), such as CuO or BaCuO 2 , which have been often observed by other authors [36, 42] . These films grown on LAO substrates also display a very sharp interface quality while the film crystallinity is often slightly degraded after the growth of a few tens of nanometres from the interface where a faulted structure is usually observed (see figure 11(b) ), a feature which has also been reported by other authors in YBCO films grown by the TFA route [36, 43] . A thorough investigation of the nanostructure of these films should be carried out in connection with critical current measurements to ascertain the relevance of these defects as vortex pinning centres. In contrast, non-optimized growth conditions can lead to very porous films. Figure 10 (b) displays a typical image of a porous film where the differences with the SEM picture reported in figure 10(a) are evident. The two main features of the sample shown in figure 10(b) are the dominant presence of pores over the matrix and a high concentration of the a/baxis oriented grains. These a/b-axis grains can be generated either when the growth rate is too high or when the growth temperature is too low [35, 37] . An interesting fact that we can observe from a careful looking at figure 10(b) is that pores seem to be always associated to the presence of a/b-axis oriented grains. To understand this we should keep in mind that the growth rate is much faster in the ab-planes that along c-direction. Thus when an a/b-axis grain nucleates it takes as much material as possible from the surrounding volume in order to increase its length perpendicular to the substrate. As a result there is a lack of material for the neighbouring c-axis grains to fill the gap between a/b axis nucleation centres, and thus open pores are formed. Another source of pores in TFA-YBCO films could be created by the surrounding fast growing matrix which may engulf a closed volume during the film shrinkage process. This phenomenon is however practically non-existent in the optimized films shown in figure 11(a) . Therefore, in TFA-YBCO grown samples the main factor controlling the porosity is the relative concentration of a/baxis oriented grains. This concentration can be quantified from µ-Raman spectroscopy measurements. The c-axis grain fraction δ is given by the equation [44] 
where z Ag , x Ag , x B1g are the Raman tensor elements and r is the Raman intensity ratio r = I B1g /I Ag of the total intensities (i.e., Figure 12 shows two typical examples of the measured µ-Raman spectra with a spot size of 10 µm. Figure 12 (a) is a spectra taken in a region quite similar to that of figure 10(a) with no a/b-axis grains. The estimated c-axis fraction in this region was δ 0.9. In contrast, figure 12 (b) represents a region similar to that of figure 10(b) with a higher presence of a/b-grains. In this case δ was found to have a much lower value of δ ∼ 0.3. The precise dependence of this fraction δ on growth conditions requires a detailed investigation, but the general trend is that it increases at low temperatures and high PO 2 and also it increases at high growth rates, i.e. high P(H 2 O) values [17, 18] .
The influence of porosity on the normal state and superconducting properties of the thin films has been found to be very important. The temperature dependence of the resistivity ρ(T ) for thin films with different values of δ was found to be strongly modified. A normal-state linear behaviour ρ(T ) = ρ 0 + AT with ρ 0 ≈ 0 is observed for all the samples properly grown [45] , but the slope A is strongly dependent on δ. This is clearly illustrated in figure 13 , where it can be seen that there is a monotonic relationship between δ and ρ (300 K). The lowest measured value ρ (300 K) ∼ 200 µ cm is comparable with that obtained in YBCO single crystals [46] , thus confirming that optimized samples are almost pore-free. On the other hand, the enhancement of the resistivity is due to an increase of the sample porosity which reduces the effective cross section of the sample S ef and increases the effective percolation length ef through the sample [45] . The correlation reported in figure 13 confirms then that a correlation exists among porosity and a/b-grain concentration. Finally, we have investigated the zero field critical current density J c in samples with different porosities. The temperature dependence of J c for two samples with different concentration of a/b-axis grains is presented in figure 14 . We can observe that the main difference between the samples is the absolute value of their critical current, the temperature dependence being quite similar. Furthermore, higher critical currents (J c ∼ 3 × 10 6 A cm −2 at 77 K and J c ∼ 2 × 10 7 A cm −2 at 5 K for a sample ≈400 nm thick) were obtained for the less porous samples, which as seen above also correspond to the less resistive samples. This close relationship between both quantities is illustrated in figure 13 , where the room temperature resistivity is represented as a function of the critical currents measured at 5 K for samples having a wide range of δ values (between 0.5 and 0.9) and, therefore, of porosities. This clear correlation suggests that the dominant factor of the degradation of the critical current in the more porous samples is the reduction of the effective cross section. Thus an improving scenario emerges from these results: a reduction of the porosity will lead to a direct and immediate enhancement of transport superconducting properties.
In conclusion it has been shown that high quality YBCO thin films can indeed be grown by means of The achievement of a deep understanding of the growth mechanisms appears however as a prerequisite for controlling the microstructural development and hence producing high critical current materials. Further progress on the knowledge of the relationship among these subjects then appears desirable for a widespread use of this preparation procedure in coated conductor production.
Growth of multilayers
Next we would like to demonstrate the compatibility of the use of the chemical solution deposition techniques described above for buffer layer growth and for the superconducting YBCO layer. We will however concentrate on perovskite-like buffer layers grown either on LaAlO 3 or SrTiO 3 (STO) single crystals.
Our approach was based on investigating the properties of YBCO layers grown by the TFA route on top of buffer layers with different microstructural characteristics such as surface roughness or lattice mismatch with the substrate. For this purpose the first step in our investigation was to demonstrate that high quality films can be achieved in STO buffer layers grown homoepitaxially in STO single crystals. Later on we also produced heteroepitaxial growth with a single layer, i.e. YBCO/STO/LAO, and finally, we also produced multilayers with a double buffer layer with one of them having a strong lattice mismatch with the substrate, i.e. YBCO/STO/BZO/LAO. As we have mentioned before, the last combination of buffer layers leads to a slight enhancement of the texture disorder, both in-plane and out-of-plane, thus the study of this system can be useful as a first step towards the analysis of the growth mechanisms on metallic substrates where a much larger texture disorder exists. Also, for comparison purposes, we have grown YBCO on STO single crystals under the same processing conditions, i.e. those that were found as optimal for LAO single crystals. Finally, we have also generated multilayered structures where the intermediate buffer layers have different surface roughness in order to investigate the relevance of this parameter.
X-ray diffraction patterns showed that YBCO layers grow epitaxially on top of the buffered single crystals, though with a slight increase of the FWHM of the ω-and φ-scans as compared to those directly grown in the single crystal. In figure 15 we show, for instance, a θ -2θ scan of a multilayered • where the Bragg peaks of the two buffer layers and YBCO can be separated from that of the LAO single crystal. As can be seen, the lattice mismatch among the different layers is preserved, and hence the interface stress is fully relaxed at these thicknesses, probably through the creation of misfit dislocations [25] . In the double buffer layer architecture the ω and φ were found to increase up to 1.5
• and 1.75
• , respectively, while in the heteroepitaxial structure with a single layer YBCO/STO/LAO the increase is much lower: ω = 0.45
• and φ = 0.8
• versus initial values in STO single crystals of ω = 0.35
• and φ = 0.55
• . The consequences of a slight increase in the YBCO texture spread are also evidenced in SEM micrographs, where a corresponding increase of the crystalline disorder is appreciated as can be seen in figure 16 . The more important feature of these images is that even if no a/baxis grains are observed, the structure appears slightly more porous than that presented in figure 10(a) for optimized YBCO grown on LAO single crystals. The increase in porosity is also easily detected in the normal state resistivity ( figure 17(a) ) which progressively increases going from the single crystal substrate towards the single layer and double layer buffered heterostructures. Finally, figure 17(b) shows the corresponding temperature dependence of the critical current density of the multilayered samples, as compared to that observed in a YBCO film grown on a single crystal. These data correspond to YBCO films grown on buffer layers with a relatively high surface roughness (rms ≈ 1.5-1.8 nm). As can be seen, a close link seems to appear again between the decrease of the critical current density and the enhanced normal state resistivity, similar to that mentioned above in connection with the optimization of the growth process of YBCO (see figure 13 ). We note, however, that in the present case the increase in porosity is not correlated to a/b-axis grains but to the disorder generated at the interface with the buffer layers. We have finally investigated the growth of YBCO layers in homo-and heteroepitaxial architectures where the buffer layers have smoothed surfaces, as detected by roughness measurements with AFM. It has been found that in these optimized films (see figure 18 ) the critical current density already reaches values very similar to that observed in single crystal substrates without buffer layers. This result then demonstrates conclusively that heterostructures can indeed be prepared by CSD with very high critical currents provided that the crystalline texture of the buffer layers and the interface roughness is preserved at low values.
In conclusion, we have shown that a careful investigation of the correlation among growth parameters and microstructure of CSD epitaxially grown buffer and YBCO layers is required to obtain high critical superconducting heterostructures. A full understanding of the microstructural development mechanisms and vortex pinning in relationship with all the different steps involved in growing multilayered structures is then worthwhile in view of developing a preparation technology for low cost 'all chemical' coated conductors.
Conclusions
The scientific and technological issues associated with the development of a fabrication methodology for coated conductors using a solution chemistry approach have been addressed. We have first shown that solution chemistry is a powerful methodology for the preparation of single or multiple epitaxial buffer layers with a high degree of compositional and thickness control, where a nanometric grain size and a low surface roughness can also be reached through selected processing conditions. Hence, CSD appears as a very appealing low cost technique which, through an educated selection of layer composition, should allow one to fulfil all the requirements of suitable buffer layers for coated conductors, i.e. a fairly low lattice mismatch with the metallic substrate and with the superconducting layer, a low chemical reactivity, a reduced oxygen and cationic diffusion to properly protect the substrate from oxidation and the superconducting layer from metal contamination, etc. It has been shown that optimized growth processing can lead to buffer layers with excellent texture qualities on single crystalline substrates or preserving the texture quality of templates grown on metallic substrates. When the buffer layers have a very high lattice mismatch with the substrate, however, a slight degradation of the texture quality is observed.
The investigation of the growth process of YBCO layers based on the TFA approach has been shown to be a very reliable and promising methodology to reach high performances at low cost. Progress in understanding the microstructural development mechanisms has led to samples having low porosity and hence high critical currents. This methodology has finally been transferred to the preparation of multilayered architectures, where all the layers were prepared by CSD, and evidence has been given of the capability of preparing these 'all chemical' multilayered materials with high critical currents. The achievement of a reliable methodology for the preparation of these multilayers now paves the way for the development of a fabrication process of coated conductors fully based on solution chemistry.
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